of several beta-lactam antibiotics on the acetaldehyde-metabo
Abstract-Effects of several beta-lactam antibiotics on the acetaldehyde-metabo
Like disulfiram, several beta-lactam an tibiotics, having an N-methyltetrazolylthio methyl group at the 3-position of the cepha losporin nucleus, increase blood acetal dehyde level when animals pretreated with these antibiotics were given ethanol (1) (2) (3) . Subsequent studies demonstrated the de pression of hepatic low Km aldehyde de hydrogenase (ALDH) activity following the administration of these antibiotics (4-6). Yanagihara et al. (7) (8) . Thus, it should be interesting to determine whether the degradation of these antibiotics by intestinal bacteria is required for the de velopment of the disulfiram-like effects. We examined the effect of several beta-lactam antibiotics on the acetaldehyde-metabolizing system in germ-free rats to clarify the partici pation of intestinal bacteria.
Materials and Methods
The adult male Wistar/Shi strain germ free rats (7 weeks old) used for the ex periments were kept in an air-conditioned flexible film isolator (22-25'C, 40-60% humidity) lighted 12 hr a day (7: (Osaka). These antibiotics were dissolved in sterilized distilled water at 250 mg/ml, and the re sulting solutions were administered at 4 ml/kg body weight (1.0 g antibiotics/kg) in the isolator. After the administration of antibiotics, the animals were fasted for 18 hr and then orally given a 20% (w/v) solution of ethanol in water at 1.0 ml/100 g body weight.
Blood and liver samples were obtained 1 hr after ethanol administration, and the hepatic ALDH activity and blood ethanol and ac etaldehyde levels were determined as de scribed previously (5) .
After the sampling of the blood and liver, a small portion of the caecum contents was inoculated into a thioglycolate-broth medium (Daigo-Eiyo).
This was incubated at 37°C for 14 days, and then a portion of the culture medium was transferred to either 10% blood containing heart infusion-agar (Difco) or GAM-agar (Nissui), and incubated further aerobically or anaerobically at 37'C for 7 days. Portions of the caecum contents were also inoculated into a culture media of potato dextrose-broth (Difco), potato dextrose-agar (Nissui) and 10% blood containing agar (Difco), and incubated aerobically at room temperature for 14 days. No bacteria were detected by any of these culture methods in the caecum contents of the germ-free rats used.
Results A marked decrease in liver mitochondrial low Km ALDH activity was observed in germ free rats administered CMD either subcu taneously or orally, while the activity of high Km ALDH was not affected by this treatment (Table 1) . When ethanol was given to the CMD-pretreated rats, the blood acetal dehyde level increased markedly. A pro nounced increase was observed in the blood acetaldehyde level, similar to the case of conventional rats (7), when CMD was given orally. Blood ethanol level also tended to increase in the CMD-pretreated rats.
Next, the germ-free animals were given various beta-lactam antibiotics followed by ethanol, and their ALDH activities and the blood acetaldehyde and ethanol levels were determined. Although liver mitochondrial high Km ALDH activity was not affected by the subcutaneous administration of an tibiotics, the low Km enzyme activity de creased in rats treated with either CMZ, CPZ or LMOX; CEZ or CTM-treated rats showed almost the same activity as that of the control rats ( Table 2 ). The blood acet aldehyde level during ethanol metabolism showed significantly high values in rats showing lower low Km ALDH activity, while the acetaldehyde level in CEZ and CTM pretreated rats did not differ from that of the control rats. On the other hand, the blood ethanol level in germ-free rats administered various antibiotics tended to increase as in the case of the conventional rats, suggesting the slow disappearance or low metabolic capacity of alcohol in antibiotics-treated rats. However, no correlation was obtained between the increase in blood ethanol level and the depression of low Km enzyme activity; CTM-pretreatment caused no al terations in the low Km ALDH activity and blood acetaldehyde level, although the pre treated animals showed higher blood ethanol concentration (Table 2 ). In another ex periment, germ-free rats were given a higher dose (1.0 g/kg) of CMD for 3 days, and then ethanol was given 1 day after the last ad ministration of CMD. A decrease in liver mitochondrial low Km ALDH activity and an increase in blood acetaldehyde level were observed in these animals as was observed in those given a single administration of CMD (data not shown).
Discussion
Disulfiram-like effects of beta-lactam antibiotics on the alcohol-metabolizing system were observed in conventional rats as a decrease in liver mitochondrial low Km ALDH activity (4, 5) Previous reports demonstrated that the disulfiram-like effects, detected as the decrease in low Km ALDH activity and the increase in blood acetaldehyde level, were developed in rats by the administration of either the NMTT-containing antibiotics or NMTT itself (3) (4) (5) (6) , and the rapid onset of the effects was observed after the administration of NMTT rather than the NMTT-containing antibiotics (10, 11). When animals were given the antibiotics intravenously or sub cutaneously, the disulfiram-like effects were observed following the disappearance of the drugs from the blood and liver (9, 10). After the oral administration of the NMTT containing antibiotics, higher concentrations of NMTT, but not its parent antibiotics, were detected in the blood and liver associated with the development of pronounced disulfiram-like effects (9). These results indicate clearly that the NMTT released from its parent antibiotics causes the development of the disulfiram-like effects. The present results (Table 1 ) obtained in germ-free rats are consistent with the above observations.
The biliary excretion of NMTT-containing antibiotics is closely correlated with the develoment of the disulfiram-like effects of antibiotics (7) (8) (9) 
